We revisited risk factors and outcomes related to the preterm premature rupture of membranes (PPROM). A total of 7866 pregnant women were recruited during 5 years at their first prenatal visit to the perinatal clinic of the institution. We compared three groups (women without prematurity, women with spontaneous preterm labor with intact membranes (sPL with IM), women with PPROM) regarding 60 criteria about characteristics, lifestyle, medical, gynecological, obstetrical history of mothers, medication during pregnancy, events at delivery, and complications in neonates. Logistic regression analyses adjusting for potential confounding factors were used. Of the 6968 women selected, 189 (2.8%) presented a PPROM, and 225 (3.2%) an sPL with IM. The specific risk factors for PPROM were body mass index (BMI) <18.5 kg/m 2 (adjusted odds ratio, aOR: 2.00 (1.09-3.67)), history of PPROM (aOR: 2.75 (1.19-6.36)), nulliparity (aOR: 2.52 (1.77-3.60)), gestational diabetes (aOR: 1.87 (1.16-2.99)), and low level of education (aOR: 2.39 (1.20-4.78) ). The complications associated with PPROM were abruption placentae, cesarean, APGAR 5 <4, birth weight <2500 g, stillbirth, neonatal jaundice, and hospitalization of mother and neonates. All these complications were also associated with sPL with IM. Our study confirms some of the risk factors of PPROM and highlights a new one: gestational diabetes. Outcomes of PPROM are related to prematurity.
Introduction
Preterm premature rupture of membranes (PPROM), defined as rupture of fetal membranes prior to 37 weeks of gestation, complicates approximately 2%-4% of all pregnancies and is responsible for 40% of all spontaneous preterm births [1, 2] , while spontaneous preterm labor with intact membranes (sPL with IM) represents 60% of spontaneous preterm births [3] . PPROM arises from complex pathophysiological pathways that include inflammation and oxidative stress [4] . Although many factors can increase the risk of PPROM, its cause is not fully understood [5] . Among the socio-behavioral and demographic risk factors of PPROM are poor socio-economic status and low level of education, smoking, difficult working conditions, and African ethnicity [6, 7] . Other factors have been proposed, such as maternal age and increased or decreased body mass index (BMI) [6, 8, 9] . Also, a history of PPROM, a history of prematurity, or multiple pregnancies are predominant considered risk factors [2, 10, 11] . Other factors, such as nulliparity, the interval between pregnancies (<6 or >60 months), cervico-isthmic abnormalities, genital infections, and hydramnios, have also been reported [8, 10, 12, 13] . The outcomes associated with PPROM include prematurity, oligohydramnios, abruption placentae, intrauterine infection, and chorioamnionitis [2, 14, 15] .
Most studies on risk factors and outcomes of PPROM have been heterogeneous with regards to methodologies and the number of characteristics investigated, and only a few were prospective large-scale longitudinal cohorts. We proposed to revisit the risk factors and outcomes of PPROM, based on a well-characterized large-scale prospective cohort of 7866 pregnant women recruited at their first prenatal visit to the perinatal clinic of the institution. The important collection of data during the constitution of this cohort allowed the study of many criteria related to PPROM. To distinguish between factors specific to PPROM and those that are rather related to prematurity itself, this cohort was subdivided into three groups: women without prematurity (delivery >37 weeks of gestation), women presenting sPL with IM, and women with PPROM.
Experimental Section

Study Design
This study was based on a large prospective cohort of 7866 pregnant women recruited at the "CHU de Québec-Université Laval" from April 2005 to March 2010 at their first prenatal visit to the perinatal clinic of the institution. Follow-up visits were all performed within the institution by a research nurse. Pregnant women aged 18 years or older were eligible to participate in the study. Exclusion criteria were pregnant women without information on the occurrence of PPROM (yes or no), pregnancies termination (elective abortion or medical interruption of pregnancy), miscarriage or fetal death before 22 weeks of gestation, failed to follow-up, and medical induction of labor for sPL with IM group (Figure 1 ). Participants gave written informed consent, and the study was approved by the "CHU de Québec" Ethics Review Board (initial approval date: 9 November 2004, Project 5-04-10-01 (95.05.17l SC12-01-159). [16] . The comparisons between 3 groups (delivery >37 weeks, sPL with IM, PPROM) on 60 selected criteria focused on characteristics of the study participants, their environment and lifestyle, medical, gynecological and obstetrical history, events and medication during pregnancy, events at delivery, and complications in neonates ( Figure 1 ). Diagnosis of hypertensive disorders of pregnancy (HDP) was made by a senior obstetrician according to the classification of the Society of Obstetricians and Gynecologists of Canada based on information retrieved from medical records, which includes gestational hypertension (GH) and preeclampsia. GH was defined as de novo hypertension (systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg) after 20 weeks of pregnancy. Preeclampsia was defined as GH with proteinuria (≥300 mg in a 24-h urine collection or ≥2+ on the dipstick in a random sample) or pre-existing hypertension and new or worsening proteinuria. Gestational diabetes mellitus (GDM) diagnosis was established according to the Canadian Diabetes Association 2013 Clinical Practice Guidelines [17] . In agreement with these recommendations, most women (90.7%) had a 50 g glucose challenge test (GCT) between 24 and 28 weeks of gestation, followed by a 75 g oral glucose tolerance test (OGTT) if the result of the GCT was between 7.8 and 10.2 mmol/L. GDM was diagnosed if the result of the GCT was ≥10.3 mmol/L or if one or more values equaled or exceeded the thresholds of 5.3, 10.6, and 9 mmol/L at 0, 1, and 2 h, respectively, during the OGTT. Infections treated with antibiotics included genital infections, urinary tract infection, ear, nose, and throat infections, and mouth infections.
Statistical Analysis
All statistical analyses were performed using Stata statistical software (version 13, StataCorp, College Station, TX, US). The categorical data were expressed as a number of patients and/or associated percentages. The continuous parameters were expressed as the mean ± standard deviation or median (minimum, maximum, interquartile range), according to a statistical distribution. The assumption of normality was tested using the Shapiro-Wilk's test. The comparisons between 3 independent groups (delivery >37 weeks of gestation, sPL with IM, PPROM) were performed using -Characteristics of mothers: age, height, weight, BMI, % of BMI <18.5 kg.m -2 , % of BMI ≥30 kg.m -2 , ethnicity (Caucasian, Asian, Latino, African, Native or Maghrebi origins), level of education (no diploma, high school diploma, college diploma, university diploma), -Environment and lifestyle of mothers: employment (full time, part time, unemployed, student), type of work (physical efforts, standing, sitting), annual income (> or < 15500 canadian dollars), number of people living with the mother (0, 1, 2 or 3, 4 and more), smoking, exposure to tobacco smoke (at least one hour a day), physical activity (no, 1, 2-3 per month, 1, 2-3, >4 per week), coffee consumption, tea consumption, drugs consumption, -Medical history of mothers: hypertension, psychiatric illness, diabetes, thrombophlebitis, endocrine disorders, -Gynaecological history of mothers: endometriosis, elective abortion or medical interruption of pregnancy, spontaneous abortion, sexually transmitted infection (global and focus on genital herpes, chlamydia, warts) -Past obstetrical history: parity (nulliparous or multiparous), interval between pregnancies (< 6 months, 6-60 months, > 60 months), PPROM, prematurity -Events during pregnancy: induced pregnancy, HDP, gestational diabetes mellitus, IUGR, oligohydramnios, infection treated with antibiotics, placenta previa, abruptio placentae, hospitalization, type of pregnancy (singleton, multiple), -Medication during pregnancy: insulin, analgesics, antidepressants, anxiolytics, pre-natal vitamins, folic acid -Events at delivery: mode of delivery (vaginal, cesarean), gestational age at delivery, fever in the mother > 38.3°C, endometritis, postpartum haemorrhage, hospitalization, -Complications in children: APGAR 5 minutes score (1-3, 4-7, 8-10), weight, weight > or < 2500 grams, stillbirth, neonatal icteria, hospitalization in ICU.
Comparison
Significant differences in risk factors for PPROM? or Known risk factors for PPROM?
Significant differences in outcomes of PPROM? or Known outcomes of PPROM? Table 1 , Table 2, Figure 2  Table 3 Yes Yes [16] . The comparisons between 3 groups (delivery >37 weeks, sPL with IM, PPROM) on 60 selected criteria focused on characteristics of the study participants, their environment and lifestyle, medical, gynecological and obstetrical history, events and medication during pregnancy, events at delivery, and complications in neonates ( Figure 1 ). Diagnosis of hypertensive disorders of pregnancy (HDP) was made by a senior obstetrician according to the classification of the Society of Obstetricians and Gynecologists of Canada based on information retrieved from medical records, which includes gestational hypertension (GH) and preeclampsia. GH was defined as de novo hypertension (systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg) after 20 weeks of pregnancy. Preeclampsia was defined as GH with proteinuria (≥300 mg in a 24-h urine collection or ≥2+ on the dipstick in a random sample) or pre-existing hypertension and new or worsening proteinuria. Gestational diabetes mellitus (GDM) diagnosis was established according to the Canadian Diabetes Association 2013 Clinical Practice Guidelines [17] . In agreement with these recommendations, most women (90.7%) had a 50 g glucose challenge test (GCT) between 24 and 28 weeks of gestation, followed by a 75 g oral glucose tolerance test (OGTT) if the result of the GCT was between 7.8 and 10.2 mmol/L. GDM was diagnosed if the result of the GCT was ≥10.3 mmol/L or if one or more values equaled or exceeded the thresholds of 5.3, 10.6, and 9 mmol/L at 0, 1, and 2 h, respectively, during the OGTT. Infections treated with antibiotics included genital infections, urinary tract infection, ear, nose, and throat infections, and mouth infections.
Statistical Analysis
All statistical analyses were performed using Stata statistical software (version 13, StataCorp, College Station, TX, US). The categorical data were expressed as a number of patients and/or associated percentages. The continuous parameters were expressed as the mean ± standard deviation or median (minimum, maximum, interquartile range), according to a statistical distribution. The assumption of normality was tested using the Shapiro-Wilk's test. The comparisons between 3 independent groups (delivery >37 weeks of gestation, sPL with IM, PPROM) were performed using a multinomial regression model for categorical parameters and ANOVA or Kruskal-Wallis test when the assumptions of ANOVA were not met (normality and homoscedasticity by the Bartlett test) for continuous variables. Then, multivariable analysis was performed using multinomial (polytomous) logistic regression. The covariates were retained according to univariate results and to their clinical relevance. For risk factors significant in univariate analysis, the adjustment was based on the known risk factors of PPROM: age of mothers, BMI <18.5 kg.m −2 , history of PPROM, history of prematurity, parity, infection treated with antibiotics, multiple pregnancies, level of education, standing while working, annual income, smoking during pregnancy. Then, attention was given to the study of interactions between significant factors and the presence of multicollinearity. The final model was validated by a two-step bootstrapping process. For each step, bootstrap samples with replacements (n = 1000) were generated from the training set. In the first phase, the percentage of models, including each initial variable, was determined by the usual stepwise approach. Then, in the second phase, the parameters of generalized linear regression (multinomial regression for categorical-dependent variable) of the final model were independently estimated. The bootstrap estimates associated with each covariate regression coefficient, and their associated standard errors, were finally averaged from replicates. Log-likelihood measured the goodness-of-fit of a model.
For the study of outcomes, the adjustment was made for the age of mothers, BMI <18.5 kg.m −2 , smoking during pregnancy, HDP, GDM, infection treated with antibiotics. Results were expressed in regression coefficients (from multiple linear regression) or odds ratios (OR), and then in adjusted OR (aOR) (from logistic regression) and 95% confidence interval. To guaranty the robustness of our results and our conclusions, a sensitivity analysis was carried out to study the statistical nature of missing data (at random or not) and their possible impact, particularly on multivariable analyses. It was confirmed that missing data did not alter multivariable results. A p-value of less than 0.05 was considered significant.
Results
Description of the Cohort
Of the 6968 women selected, 189 (2.8%) presented a PPROM, and 225 (3.2%) presented an sPL with IM ( Figure 1 ). More than 98% of the study subjects were Caucasians. No significant differences (p = 0.14) were observed between the mean age of mothers in the control group (30 years (SD: 4.3)) and the PPROM group (29.7 years (SD: 4.7)) or in the sPL group (29.3 years (SD: 4.3)) ( Table 1) . No significant differences (p = 0.21) were observed between pre-pregnancy BMI of mothers in the control group ( 
Study of Risk Factors
The significant risk factors for PPROM are presented in Tables 1 and 2 . After adjustment for the known risk factors of PPROM (Table 2) , the risk factors for PPROM only were BMI <18.5 kg/m 2 (aOR: 1.91 (1.04-3.52)), history of PPROM (aOR: 2.61 (1.13-6.03)), nulliparity (aOR: 2.56 (1.77-3.70)), gestational diabetes (aOR: 1.83 (1.14-2.94)), low level of education (aOR: 2.34 (1.08-5.05)), standing while working (aOR: 1.62 (1.04-2.53)), and insulin intake (aOR: 2.51 (1.37-4.59)). The risk factors for both PPROM and sPL with IM were history of prematurity (aOR: 5.23 (2.97-9.22)), multiple pregnancies (aOR: 21.88 (12.45-38.47)), infection treated by antibiotics (aOR: 1.84 (1.26-2.68)), and anxiolytics intake (aOR: 2.45 (1.16-5.18)). All these risk factors were integrated in a further multivariable analysis (except for insulin intake since it is strongly associated to gestational diabetes), and they all remained significant. The final predictive multivariate model of PPROM included BMI <18.5 kg/m 2 (aOR: 2.00 (1.09-3.67), p = 0.03), history of PPROM (aOR: 2.75 (1.19-6.36), p = 0.02), history of prematurity (aOR: 5.14 (2.92-9.06), p < 0.0001), nulliparity (aOR: 2.52 (1.77-3.60), p < 0.0001), gestational diabetes (aOR: 1.87 (1.16-2.99), p = 0.01), infection treated with antibiotics (aOR: 1.69 (1.15-2.47), p = 0.007), multiple pregnancies (aOR: 22.18 (12.68-38.81) , p < 0.0001), low level of education (aOR: 2.39 (1.20-4.78), p = 0.01), standing while working (aOR: 1.58 (1.01-2.46), p = 0.04), and anxiolytics intake (aOR: 2.50 (1.20-5.24) , p = 0.02). All these risk factors remained significant at the end of the bootstrapping process except for standing while working and anxiolytics intake (Figure 2 ). 22.18 (12.68-38.81) , p < 0.0001), low level of education (aOR: 2.39 (1.20-4.78), p = 0.01), standing while working (aOR: 1.58 (1.01-2.46), p = 0.04), and anxiolytics intake (aOR: 2.50 (1.20-5.24) , p = 0.02). All these risk factors remained significant at the end of the bootstrapping process except for standing while working and anxiolytics intake ( Figure 2 ). 
Study of Outcomes
As expected, the median gestational age at delivery was significantly lower (p < 0.0001) in the PPROM group (35.6 weeks (min: 22.6; max: 36.9; IQR: 33.9-36.3)) and in the sPL with IM group (35.9 weeks (min: 22.6; max: 36.9; IQR: 34.3-36.7)) than in the control group (39.7 weeks (min: 37; max: 42.9: IQR: 38.9-40.4))( Table 3 ). The maternal and neonatal outcomes tested for their potential association with PPROM before and after adjustment are presented in Table 3 . After adjustment, the complications associated with PPROM were oligohydramnios (aOR: 4.17 (2.37-7.35)), abruptio placentae (aOR: 4.28 (1.87-9.78)), cesarean (aOR: 1.41 (1.02-1.96)), APGAR 5′ <4 (aOR: 23.32 (7.04-77.19)), birth weight <2500 g (aOR: 47.74 (32.52-70.08)), stillbirth (1.1% in PPROM group versus 0% in control group, p < 0.0001), neonatal jaundice (aOR: 3.25 (2.20-4.80)), hospitalization of mother (aOR: 1.75 (1.15-2.65)), and admission at the neonatal intensive care unit (aOR: 17.12 (12.23-23.98)). All these complications were also associated with sPL with IM (Table 3 ). Birth weight <10th percentile did not increase in both PPROM and sPL with the IM group (Table 3 ). 
As expected, the median gestational age at delivery was significantly lower (p < 0.0001) in the PPROM group (35.6 weeks (min: 22.6; max: 36.9; IQR: 33.9-36.3)) and in the sPL with IM group (35.9 weeks (min: 22.6; max: 36.9; IQR: 34.3-36.7)) than in the control group (39.7 weeks (min: 37; max: 42.9: IQR: 38.9-40.4))( Table 3 ). The maternal and neonatal outcomes tested for their potential association with PPROM before and after adjustment are presented in Table 3 . After adjustment, the complications associated with PPROM were oligohydramnios (aOR: 4.17 (2.37-7.35)), abruptio placentae (aOR: 4.28 (1.87-9.78)), cesarean (aOR: 1.41 (1.02-1.96)), APGAR 5 <4 (aOR: 23.32 (7.04-77.19)), birth weight <2500 g (aOR: 47.74 (32.52-70.08)), stillbirth (1.1% in PPROM group versus 0% in control group, p < 0.0001), neonatal jaundice (aOR: 3.25 (2.20-4.80)), hospitalization of mother (aOR: 1.75 (1.15-2.65)), and admission at the neonatal intensive care unit (aOR: 17.12 (12.23-23.98)). All these complications were also associated with sPL with IM (Table 3 ). Birth weight <10th percentile did not increase in both PPROM and sPL with the IM group (Table 3) . 
Discussion
Our study confirmed the most known risk factors for PPROM, such as BMI <18.5 kg/m 2 , history of PPROM or prematurity, nulliparity, multiple pregnancies, low level of education, and infections. These results, as well as the percentage of PPROM (2.7%), validated the cohort, which is comparable with others [6, 8, 11, [18] [19] [20] [21] . Our study invalidated, at least in our cohort, other parameters previously found as independent risk factors for PPROM, namely low annual income, smoking, maternal age, increased BMIs, and the interval between pregnancies (<6 months or >60 months) [6, 8, 10, 12, 19, 22] . It is noteworthy that low annual income, difficult working conditions, and smoking were significantly more prevalent and associated with PPROM before multivariate analysis or bootstrapping process, but not after adjustment. This suggested that these factors might interact with each other and with the level of education, which remained significant. Our study also identified a new risk factor of PPROM, gestational diabetes, which resulted in a 1.87-fold increased risk. This finding was in line with a recent case-control study (one case for one control) of 400 subjects that showed that diabetes mellitus, without distinction between pre-pregnancy diabetes and gestational diabetes, was associated with PPROM [23] . The complications associated with PPROM, such as oligohydramnios, abruption placentae, APGAR 5 <4, weight <2500 g, stillbirth, neonatal jaundice, and hospitalization of neonates in ICU, are not related to PPROM per se but are associated with prematurity [5, 13, 24] . A higher proportion of hospitalization of mothers with PPROM contributes to the economic burden of this complication but also increases indirectly the risk of thromboembolism [25] .
A strength of our prospective study was the homogeneity of our general population. With predominantly Caucasian (>98%) women and a public health system where all pregnant women have access to similar pregnancy follow-up and monitoring, the possibility of sampling bias is reduced. With regard to socio-economic aspects, free access to perinatal care for the Quebec population may limit biases and contributes to the generalizability of the results. The homogenous origin of our cohort can, however, be a limitation since it does not allow measuring the impact of ethnicity, such as African origin, a risk factor of PPROM [7] . Thus, the external validity of our results, especially regarding GDM, should be tested in populations of different ethnic backgrounds. The lack of information on the prolongation of pregnancy after PPROM (latency period) could be considered as a potential limitation. Indeed, a latency period could be associated with a higher incidence of complications [26] .
Infections, history of prematurity, and multiple pregnancies are known risk factors of both PPROM and also sPL with IM. The association of infection with prematurity at large is in line with recent hypotheses presenting infection in PPROM as a downstream event rather than a causal factor [4] . Recent reports indicated that PPROM might be associated with the presence of sterile inflammation in the fetal membranes [27, 28] . Sterile inflammation may be responsible for the link between GDM and PPROM. Indeed, diabetes can promote the production of advanced glycation endproducts (AGEs), ligands of RAGE, a receptor implicated in this pathway [29] . Moreover, a recent study showed that first-trimester AGEs blood levels were significantly higher in cases complicated with PPROM [30] . Criteria related to precariousness, such as BMI <18.5 kg/m 2 and low level of education, are risk factors of PPROM only. These factors may have a role in the pathology of fetal membranes described by Menon and Richardson by generating oxidative stress [4] . Folic acid supplementation decreased in the PPROM group but did not reach statistical significance in the multivariable analysis. It is to be noted that the fortification of cereal grain products with folic acid could explain the absence of a significant link between PPROM and folic acid in Canada [31] . The oxidative stress, which may be secondary to malnutrition related to precariousness, is another well-established pathophysiological hypothesis of PPROM genesis. Furthermore, the fact that there is no increase in the proportion of birth weight slower than the 10th percentile in the PPROM group, unlike in the sPL with IM group, suggests a pathology of the fetal membranes rather than of the fetus.
Conclusions
We performed a study of risk factors and outcomes of PPROM, based on a large unselected prospective cohort. Our study confirmed the most risk factors of PPROM, invalidated others (as smoking), and highlighted a new one, GDM, which was associated with a 1.87-fold increased risk. The other specific risk factors for PPROM were BMI <18.5 kg/m 2 , history of PPROM, nulliparity, and low level of education. Outcomes of PPROM are clearly related to prematurity. Further investigations are necessary to understand the pathophysiological link between GDM and PPROM. Combining maternal characteristics and environmental and clinical risk factors to candidate biomarkers-in various large cohorts of pregnant women-may result in proposing a clinically useful predictive model identifying asymptomatic women at higher risk of PPROM. This work was also funded by the Auvergne Rhône-Alpes region as part of the support program for international academic and scientific cooperation between the two French and Canadian teams (SCUSI 2017).
